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Abstract 
Stroke is one of the leading causes of disability in the world. The stroke patients need professional support for the rehabilitation activity. However, 
the number of therapist is considered inadequate to support an increasing numbers of stroke patients especially in the rural areas. Therefore, robot 
based device for rehabilitation is considered one of the solutions for the increasing numbers of stroke patients and to support the therapist. This 
research presents the development of upper limb rehabilitation device robot. The device is considered portable for home setting and allowed 
movement on vertical elbow flexion and shoulder/elbow horizontal flexion and extension. The device consists of scissors lift and armrest 
mechanism that allowed the patients to perform upper limb rehabilitation at X-X, X-Z, Y-Y and Y-Z axis direction. Two linear actuators, motor 
drivers and Arduino UNO board were used to drive the device.  
© 2015 The Authors. Published by Elsevier B.V. 
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1. Introduction 
Stroke is the third largest cause of death in Malaysia1. Stroke causes a damage of cortical tissue and results in disturbed generation 
and integration of neural commands. Most of the stroke survivors suffers body malfunction that lead to the difficulties in performing 
activities of daily living (ADLs). Therefore, stable post stroke patients need an intensive rehabilitation at the earliest chance possible 
to improve odds for recovery of lost physical abilities. However, rehabilitation activity cannot be performed consistently if the 
number of therapist is inadequate and if the patients live in the rural or remote area which is far away from hospitals or medical 
centers.   
Robot based device is considered as one of the solutions for the rehabilitation problems. Robot has consistency over repetitive 
tasks and high reliability as compared to humans. Different types of device were developed related to upper limb rehabilitation. In 
general, the device can be categories into two which are the end-effector and exoskeleton. End-effector based device is described to 
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have contact to patients’ limb only at most distal part. Although the structure of the device is considered simple, the control of the 
limb position for the multiple degrees of freedom is considered complicated2. Besides, the end-effector based device suffers from 
limited control of the proximal joints of the limb which could result in abnormal movement pattern3. MIT-MANUS/InMotion24, 
MIME (Mirror Image Movement Enabler)5 and NeReBot (Neuro-Rehabilitation-Robot)6 are example of end-effector based devices.  
On the other hand, exoskeleton based device has a mechanical structure that mirrors the skeletal structure of the limb. For 
example, each segment of the limb associated with a joint movement is attached to the corresponding segment of the device. The 
design allowed independent, concurrent and precise control of movements in a few limb joint2. Exoskeleton based device robot axis 
aligned with the anatomical axis of patients. The robot provides direct control of the individual joint which minimize abnormal 
posture or movement. However, the construction is considered more complex and expensive compared to end-effector based device3. 
ARM-Guide (Assisted-Rehabilitation and Measurement Guide)7, T-WREX (Therapy Wilmington Robotic Exoskeleton)8 and ARMin 
(Arm in three dimensions)9 are example of exoskeleton based devices.  
In this research, new development of upper limb rehabilitation robot (ULRR) is discussed. The device is considered portable and 
compact compared to the existing device which can be applied in the home-setting environment. The device is expected to offer a 
solution related to stroke rehabilitation and benefit both the therapist and patients. This paper is organized as follows; Section 2 
presents the methods applied for the development process; Section 3 describes the results and discussions from the project; and 
Section 4 draws conclusions based on the practicality of the methods.  
2. Methods 
2.1. Conceptual Design 
 
 
Fig. 1. Different movement of the device  
The conceptual design of the device is to allow movement on vertical elbow flexion and shoulder/elbow horizontal flexion and 
extension10. The movement is to duplicate the upper limb movement conducted by the patients during the rehabilitation activity 
based on discussion with therapist. The new development concept is shown in Figure 1. The device was proposed to perform 
movement along the X-X and X-Z axis direction as shown in Figure 1(left) and Y-Y and Y-Z axis direction as shown in Figure 
1(right). The movement of the shoulder/elbow in different direction is based on the position of the patient and device during the 
rehabilitation process. 
2.2. Mechanical Design and Simulation  
The mechanical design of upper limb rehabilitation device is shown in Figure 3. The device is 770mm in length, 135mm in width 
and 220mm in height. The device consists of upper and lower platform. Computer aided design software was used to design and 
simulate the device. The device applied two important mechanism; scissors lift and armrest in order to move the shoulder/elbow. 
Scissors lift mechanism is used to lift the hand in Z axis direction (shown in Figure 4). The mechanism is located in between 
upper and lower platform of the device. The mechanism provides a stable and firm lifting force from the lower platform towards the 
upper platform of the device. Force from the motor pushes the bottom left of the mechanism to the right end to lift the mechanism 
where the dead joint hold the mechanism. The bolt and nut joint is used to stabilize the mechanism. 
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Fig. 3. Mechanical design of the device 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Scissors lift mechanism 
 
Armrest mechanism moves in line bi-directions. The mechanism will move through X or Y axis direction based on the position of 
the patient as shown in Figure 5. The armrest mechanism consists of the armrest, wooden block and four nylon rollers. The 
mechanism is located at the upper limb platform and is the place where the patients lay the hand for rehabilitation.  
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Armrest mechanism 
2.3. Kinematic Analysis 
Kinematic analysis of the lift mechanism was conducted to determine the maximum height of the mechanism. Figure 6 shows the 
kinematic analysis conducted. The loop 3, 4 and 5 forms an isosceles triangle with θ1 = θ2. L (the distance between holes at both end 
of each link) is 340mm with L34 and L35 are equal to 1/2L. S is the distance between link 4 and 5 that acts as the input while H is the 
height of the mechanism from link 1 to 4 that acts as the output. H is equal to 2h. When the mechanism is at rest, S = 303mm and S = 
335mm when the mechanism is fully extended. By using Pythagoras theorem the maximum height can be determined using equation 
(1). Based on the calculation conducted, the maximum scissor lift mechanism extension is approximately 96mm.  
 
 
(1) 
Upper 
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Fig. 6. Kinematic analysis of the scissors lifts mechanism 
3. Results and Discussions 
The upper limb rehabilitation device is shown in Figure 7. The device was fabricated using aluminum and plywood. Non slip 
rubber pad was provided to give comfort and firm platform for the patient to lay the upper limb. Two adhesive straps were used to 
strap the upper limb of the patience into optimum position in order for the rehabilitation exercise to take place. Rubber stoppers were 
used between upper and bottom platform to prevent the prototype from exceeding the moving limit and causing damage to the device 
structure.  
The device used 12V DC linear motor with 50mm and 200mm stroke length. Four channel motor drivers and Arduino UNO board 
was used to drive the motor. The total cost of the device is around RM1020.00 and the total weight is around 7kg. The overall size 
and weight of the device can be considered as portable and compact or relatively small where it can be carried out by the patients or 
therapist. The overall size and weight reflected the objective of this research which is to develop the home setting device. Repetitive 
motion movement was designed for the device (as shown in Figure 8) to test the movement and to duplicate the rehabilitation 
activity. The program starts off with both motors rotating counter clockwise for 10 seconds. This is to ensure that both motors return 
to its original position. After 10 seconds, motor 1 (linear actuator of 50mm stroke length) start to rotate clockwise whereby it strokes 
out for 12 seconds. After that, motor 1 starts to rotate counter clockwise for 12 seconds for it stroke back in to its original position. 
During this period, the device would have motion in term of X-Z and Y-Z axis. The motion repeats for 2 cycles. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7. Upper limb rehabilitation robot device 
 
Next, motor 1 stops while motor 2 (linear actuator of 200mm stroke length) starts to move. It rotates clockwise in order to stroke 
out for 18 seconds. Then, the motor rotates counter clockwise for another 18 seconds to stroke back in and return to the original 
position. This period of time is the motion for X-X or Y-Y axis. This motion repeats for 2 cycles. The whole cycle for motion 1 and 2 
repeats 3 times until the whole process stops. The number of cycles would be different among the patients. It can be programmed 
according to the needs.  
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Fig. 8. Flowchart of the system 
4. Conclusions 
The paper has presented the design, fabrication and control of a new upper limb rehabilitation robot device for home setting. The 
device is considered portable and able to perform basic repetitive movement for upper limb rehabilitation. The final fabricated device 
had a similar function and movement with the analysis conducted through simulation using the computer aided design software. The 
device can be programmable and different types of movement can be conducted based on the need of the patients.  
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